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Method and System for Endpoint Detection 



FIELD 6F THE INVENTION 

This invention is genera)* ht the field of concurs the process of 
semiconductor manufacbare, and «. to an apparan* and method * «* 
mdp on, detection during varions processes applied to semiconductor -fers^h 
, as Chenucal-Mechanical-Polishing (CMP), Chemical Vapor Deposttton (CVD), 
etching, photolithography, and others. 

BACKGROUND OF THE INVENTION 

The manufacture of semiconductor articles, such as waferc, consists of 
tab. various materials layers and statures of certain differed thicknesses. 
„ Usual*! this process includes deposition and removal of different materia* ustng 
such techniques as CMP, CVD, etching, photolithography, etc. An important step » 
.hese procedures is terminating me process after me desired thickness is reached 
For example, when dealing vvith CMP or etching this process should be termmared 
after dtetayerbetag etched or polished is removed (eg., partly removed such that a 
u required remaining ftuckness of this layer is reached), or before the next, 
underlyhrg .ayer is removed. A technique of determination of that process potnt at 
which the processing should be stopped is called "endpoint detecuon". 
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The term "processing" used herein signifies at least one of the Mowing: 
removing an uppermost layer or depositing a layer of a different material onto the 
wafer's surface. An endpoint detector serves to determine whether the desired 
thickness of the layer being removed or deposited is reached, aimed at terminating 
5 the removing or deposition process. In most cases, the process is terminated in 
response to a predetermined signal generated by such an end-point detector (or a 
plurality of such detectors). 

CMP is a known process aimed at the planarization of the surface of the 
uppermost wafer's layer. CMP is basically a mechanical polishing of the wafer's 
10 surface using a pad pressed against the wafer, rotating one with respect to the other, 
all in. a chemical liquid environment, which enhances the polishing. Like any 
semiconductor process step, tight control of the CMP process is required to 
maintain high yield levels. The polishing removal rate, which is the main process 
characteristic, is a complex function of different parameters which are partly 
15 controlled or understood. These dependencies, when combined with requirements 
for high uniformity levels and tight process reproducibility and control, dictate 
intensive thickness measurement procedures, notably in oxide polishing that has no 
natural end-point. As a result, monitoring systems and methods are a crucial part of 
the CMP process. 

20 ^ ^Chemical Vapor Deposition (CVD) and etching are two other major 

, / sub-processes in the semiconductor production. The former is aimed at depositing 
thin films (e.g., oxides, metals) on a semiconductor wafer, whereas the latter is 
aimed at patterning thin films according to a developed three-dimensional image on 
the films. In a similar manner to CMP, both CVD and etching are influenced by 
25 various parameters, and should therefore be tighdy monitored and controlled in 
order to achieve the set targets of the process. As for the photolithography 
technique, similar processes, namely, photoresist coating (e.g., by spinning) and 
photoresist development (i.e., selective removing by etching) take place during the 
photoresist processing step. 



The following are three major techniques used for controlling one of the 
above processes of semiconductor manufacture, discussed with respect to CMP: 
(1) Stand alone (SA) systems. 

SA system is installed outside the production line ('off-line') and wafers to 
5 be measured by this system are supplied thereto from the production line after the 
wafer processing is completed. The known SA systems for CMP are OptiProbe 
2500, commercially available from ThermaWave, USA and UV1250, 
commercially available from KLA-Tencor, USA SA systems have excellent 
capability to provide full and accurate information concerning the measurement 
10 parameters. However, SA systems suffer from several drawbacks such as relatively 
long time-to-respond, large foot-printing, clean room and additional handling of 
wafers. 

(2) In-situ detectors 

These are various sensors (optical, electrical, mechanical, etc.) which are 
15 installed in the working area ('in-situ) of the processing tool (e.g., the area between 
the wafer and the rotating pad of the polisher), and are capable of real-time 
detecting the process end-point (e.g., motor current), of continuously detecting the 
product parameters (e.g., thickness) and both product and process parameters (e.g., 
removal rate). Such an in-situ end-point detector (EPD) to be used with CMP 
20 equipment is disclosed, for example, in US Patent No. 5,433,651. The end-point 
detector comprises a window, which enables in-situ viewing of the polishing 
surface of the workpiece from an underside of the polishing table during polishing. 
Reflectance measurement means are coupled to the window on the underside of the 
polishing table. A prescribed change in the in-situ reflectance corresponds to a 
25 prescribed condition of the polishing process. 

EPD reduces the time required to qualify a process, and shortens 
conditioning time whenever pads are replaced. EPD- are mainly used in processes 
such as plasma etching. The known EPD tools for CMP are models 2350/2450 
Endpoint Controllers, commercially available from Luxtron, Santa Clara, USA, and 
30 ISRM, commercially available from Applied Materials, Santa Clara, USA 



I 



-4- 



Unfortunately, EPD suffers from the following drawback|?®ien applying 
the CMP to dielectric layers (which is a so-called "blind stop" process), additional 
frequent post-polish measurements on SA systems are needed. This is associated in 
the following. The EPD sensor is located in the interior of the processing area, and 
5 measures average data over a relatively large area comprising different and variable 

patterns. As a result, it cannot provide information concerning local planarization^ 
. . and is' therefore less informative as compared to an SA tool. The average data 
generated by the EPD does not allow for mapping the wafer's plan, whereas the 
latter may be of high importance. Additionally, the interpretation of in-situ sensor 
10 data is complex and less accurate, since it is also affected by irregular environment 
characteristics such as electrical noise, slurry, mechanical movement, etc. The 
in-situ EPD has low accuracy due to low optical resolution and strong signal 
dependency on wafer's partem. 

To demonstrate problems arising from the detection of the layer's end of 
15 polish with an in-situ EPD, reference is made to Figs. 1 and 2. Fig. 1 illustrates a 
common structure, generally designated 1, of stack layers on a semiconductor 
wafer W, which structure is to be polished. The structure 1 contains a silicon 
substrate 2, a Silicon Nitrate layer (Si^) 4, and a top Silicon Oxide layer (Si0 2 ) 6. 
Fig. 2 illustrates possible signal time changes determined by an EPD sensor during 
20 the CMP process applied to the two upper layers 4 and 6. In this example, the part 
A presenting . a substantially "flat" graph indicative of slow signal variations 
corresponds to the signal detected from the upper Silicon Oxide layer 6 being 
polished. When the layer 6 is almost completely removed, a varying signal (part JB) 
is detected, which changes faster with the layer's disappearance. At last, when the 
25 Silicon Nitrate layer 4 is being polished, a "substantially slow changing signal is 
observed (part Q. The signal boundaries between the parts A and B, and B and C 
are not sharp and clear. Hence, simple threshold-based signal analysis may cause 
failures, either because of "early detection" (the layer to be polished is. not 
sufficiently removed) or because of "late detection" which means that the 
30 undesirable removal of the lower layer has started. 



The main difficulty in obtaining high accuracy in optical EPD is signal 
dependency on wafer pattern, since EPD spot size includes a lot of features with 
different layers structure. The effect may be stronger than signal change during 
polishing. There is a great variety of approaches aimed at increasing the accuracy 

5 of the endpoint detection. US Patent No. 5, 910,011 discloses a method and 
apparatus for in-situ monitoring, using multiple process parameters. This technique 
utilizes analyses of the multiple process parameters and statistical correlation of 
these parameters to detect changes in process characteristics, such that the endpoint 
of the etching process may be accurately , detected, Another improved endpoint 

10 technique is disclosed in US Patent No. 5,964,980. Here, a fitted endpoint system 
provides normalizing the current endpoint curve generated from the series of 
multi-bit digital code words for a wafer being etched with respect to the standard 
endpoint curve and providing a normalized current endpoint curve. 

However, none of the known EPDs provides required measurement 

15 performance, equal or similar to SA measurement tools. 
(3) Integrated monitoring (IM) technique 

An integrated monitoring tool (IMT) is installed inside or attached to the 
process equipment (PE), at a location where a wafer can be monitored immediately 
after completion of the process, while still within the internal environment of the 

20 PE (i.e., 'in-line' monitoring). Wafers are supplied to the IMT by the PE's robot. 
IMT can be used for a CMP (e.g., integrated thickness monitoring (ITM) tool such 
as ITM NovaScan 210, commercially available from Nova Measuring Instruments 
Ltd., Israel), etching and CVD processes. The IMT combines the performance of a 
SA tool with short time-to-respond of usually one wafer delay only, i.e., not much 

25 longer than the real-time response of an EPD. Consequently, an IMT has 
advantages over SA tool and provides additional important information, as 
compared to the EPD system, with practically no performance loss. These 
advantages are emphasized with respect to the ITM apparatus: 

The ITM measurement unit provides thickness measurement data for every 

30 product wafer, hence, enabling fast feed-back or feed-forward control of the CMP. 
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Measurements are carried out in parallel to processing the next wafers), thus, there 
is no affect on PE throughput. 

Some known techniques utilizing the principles of ITM for closed-loop 
control are disclosed in the following articles: "Dielectric CMP Advanced Process 
5 Control Based on Integrated Thickness Monitoring", VMIC Speciality Conference, 
Santa Clara, 1997; and "Oxide Chemical mechanical Polishing Closed Loop Time 
Control", CPIE, Vol. 3882, Santa Clara, 1999. 

Although such problems as the wafer handling, clean room space and labor 
needed for S A tools operations are completely eliminated in the ITM, the latter still 
10 does not give a real-time response, but rather a post-factum measurement of the 
CMP process, and cannot eliniinate the problem of different thicknesses of the 
processed layer that might happen during processing of at least one wafer. 

US Patents No. 5,658,183 and 5,730,642 disclose a specific system for 
polishing a semiconductor wafer, wherein the ITM tool (NovaScan 210) and an 
15 in-situ detector are used. The in-situ detector is aimed at controlling various process 
parameters, while the end-point detection aimed at determining whether the 
polishing of the wafer is complete is performed by interrupting the polishing 
. process and performing repetitive measurements with the ITM tool. It is evident 
that this technique does not provide real-time endpoint detection. 

20 SUMMARY OF THE INVENTION 

There is accordingly a need in the art to improve the control of various 
semiconductor-manufacturing processes by providing a novel apparatus and 
method capable of accurately and efficiently detecting the process end-point. 

It is a major feature of the present invention to provide such a method and 
25 apparatus that combine the benefits of both EPD and IT techniques to be used in 
CMP, CVD, etching and other processes. 

The main idea of the present invention consists of applying both EPD and 
IT to an article (e.g., semiconductor wafer) under processing and analyzing signals 
generated by them to detect accurately the end-point of the article processing. For 



analysis purposes, an apparatus according to the invention utilizes a data processing 
unit, which determines relevant process parameters for a specific processing tool 
configuration and the parameters of the wafer being processed by this tool, to make 
a decision (signal) indicative of the completion of the processing of this specific 
5 wafer. Different types of EPD could be used, which may depend on the specific 
process, e.g., optical, electrical, mechanical, etc. detectors. 

The present invention can be used with any type of integrated tool. As 
indicated above, the term '"integrated tool" (IT) signifies an apparatus, which is 
physically installed inside a processing tool arrangement or attached thereto, so as 
l0 to be outside the working area defined by the processing tool, and which enables 
the measurement performance to meet the requirements of accuracy and 
repeatability over the whole wafer surface. The IT is usually designed in 
accordance with the construction and operation of a specific processing tool, and 
articles (wafers) are preferably transferred to the IT (for e.g., monitoring, 
ls metrology, inspection, etc.) by the same robot, used in the processing tool. 

There is thus provided, according to one aspect of the present invention, a 
method for monitoring a process sequentially applied to a stream of substantially 
identical articles by a processing tool, so as to terminate the operation of the 
processing tool upon detecting an end-point signal corresponding to a 
20 predetermined value of a desired parameter of the article being processed, the 

method comprising the steps of: 

(i) processing the article with said processing tool; 

(u) upon completing the processing of said article in step (i) in 

response to the end-point signal generated by an end-point detector 

25 continuously operating during the processing of said article, 

applying integrated monitoring to the processed article for. 

measuring the value of said desired parameter; 

(iii) analyzing the measured value of the desired parameter, and 

determining a correction value to be used for adjusting said 

30 end-point signal corresponding to the predetermined value of the 



desired parameter for terminating the processing of the next article 
in the stream. 

In step (ii), the end-point signal may be set during the processing of a first 
article in the stream of articles. The end-point signal may be a predetermined 
5 spectrum of light returned from the article. The desired parameter may be a 
thickness of at least an uppermost layer of the article, in which case the integrated 
monitoring is capable of thickness measurements. 

Preferably, the determination of the correction value comprises the 

following steps: 

10 - determining the difference between said predetermined value of the desired 

parameter and said measured value; 
- determining the ratio of said difference to the processing rate, to determine a 

time period on which the time processing of the article should be changed to 

obtain said predetermined value of the desired parameter; 
l5 - determining the value of the end-point signal corresponding to the changed 

processing time to be used for correcting the end-point signal for processing the 

next article. 

. The difference between the predetermined value of the desired parameter 
and the measured value may be determined for at least two articles, and either an 
20 average difference value or an accumulated difference value be used for 

determining the ratio. 

The processing may be CMP, CVD, etching, photolithography/etc, using a 
corresponding processing tool. The stream of articles may be semiconductor wafers 
progressing on a production line. 
25 According to another aspect of the present invention, there is provided an 

end-point detection system for use with a processing tool which is to be 
sequentially applied to a stream of substantially identical articles, the system 
comprising: 

(1) an end-point detector accommodated within a working area 
30 defined by the processing tool when applied to the article; 
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(2) an integrated monitoring tool accommodated within said 
processing tool outside said working area and capable of measuring a 
desired parameter of the article; and 

(3) a control unit associated with the end-point detector and with the 
s integrated monitoring tool, the control unit being responsive to data 

coming from the end-point signal for terminating the processing of 
the article, and to the measured data coming from the integrated 
monitoring tool, so as to analyze these data and deterauning a 
correction value to be applied to the end-point signal corresponding 
10 to a predetermined value of said desired parameter of the article 

achieved by the processing thereof. 
Preferably, the end-point detector utilizes optical means. The integrated 
monitoring tool may be of a kind capable of spectrophotometry measurements. 
The control unit may be a common device coupled to the end-point detector and to 
l5 the integrated monitoring tool, or composed of several separate devices, for 
example, one being associated with the end-point detector , and the integrated 
monitoring tool, and the other being a constructional part of the processing tool. 

According to yet another aspects of the present invention, there are provided 
a novel CMP tool arrangement, CVD tool arrangement, etching tool arrangement, 
20 and photolithography tools arrangement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in 
practice, a preferred embodiment will now be described, by way of non-timiting 
example only, with reference to the accompanying drawings, in which: 
25 Fig. 1 illustrates a common stack layer structure of a semiconductor wafer to 

be processed by CMP; . 

Fig. 2 graphically illustrates signal characteristics determined by an EPD 
sensor during a CMP process of structure of Fig. 1 in a conventional manner; 



5 
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Fig. 3 schematically illustrates a polishing tool arrangement with an 
end-point detection system according to the present invention utilizing EPD and IT; 

Fig. 4 more specifically illustrates a system according to the invention 
utilizing an ITM system as the IT; and 

Fig. 5 schematically illustrates a stack layer structure of a semiconductor 
wafer, to which the present invention can be applied. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

The features of the present invention are described below with respect to 
CMP process applied to semiconductor wafers. 

Referring to Fig. 3, the main components of a polishing tool arrangement 
PE are schematicaUy illustrated, utilizing an end-point detection system 10 
according to the invention. The polishing tool arrangement PE is typically 
composed of such main constructional parts as a polisher 12, a cleaner 14, wafers, a 
load/unload cassette station 16 and a robot 18 that transfers wafers between these 
15 parts. The system 10 is a combination of an EPD 20 and an integrated tool (IT) 22, 
both coupled to a control unit (CU) 23. The EPD 20 is installed within the active 
polishing area (working area), e.g., the contact area between the wafer under 
polishing and the polisher's pads (which are not specifically shown). As for the IT 
• 22, it is accommodated adjacent to the polisher 12. It should, however, be noted 
20 although not specifically shown, that the IT 22 could be installed inside the 
polisher, provided it is located outside the active polishing area. 

Fig. 4 illustrates one possible configuration of the end-point detection 
system 10, utilizing an ITM tool whose measurement unit (MU) 24 is used as the 
integrated tool. Thus, the system 10 comprises the EPD sensor 20, MU 24, and 

25 control unit 23. 

The control unit 23 is typically a computer device that comprises a central 
processing unit and also image and signal acquisition means. Generally speaking, 
the control unit 23 includes suitable hardware and is operated by suitable software 
for acquiring images of the wafer undergoing polishing, as well as measured 



signals (corresponding to measured parameter(s)), and analyzing data indicative 
thereof. The control unit thus contains signal processing and computational 
'intelligence 'for calculating desired parameters (e.g., thickness) and for decision 
making (i.e., for terminating the polishing when needed). In other words, the 
control unit is responsive to data coming from the EPD and ITM for generating a 
decision-indicative signal. It should be understood that the CU 23 can be replaced- 
by several control units (e.g., one associated with the ITM and the other with the 
processing tool), which are correctable to each other by any known suitable 
communication means (i.e., communication line and protocol). 

In the present example, the EPD 20 is of an optical type, composed of an 
optic fiber 26, a lens 28, a beam splitter 30, a light source 32, an optical sensor, e.g. 
spectrophotometer 34, and a data input-output port 36. The optical fiber 26 is 
coupled to the inside of the polisher's pad 27, so as to enable the direct connection 
between the fiber entrance and the wafer's plan W 2 . The light source 32 can be a 
broad-band or narrow-band light source or a laser. Light generated by the light 
source 32 is deflected by the beam splitter 30 and lens 28, conveyed through the 
optical fiber 26, to reach the wafer's plan W 2 , and is reflected back in the same way 
towards the sensor 34, where the reflected signal is detected. The detected signal is 
transferred to the control unit 23 (via the port 36) for further processing. In some 
j. cases such as CVD, where the direct optical access to the wafer is possible, the 
light beam travels towards and away from the wafer directly, without the use of any 
light guide (optical fiber 26). It should also be noted that the case may be such that 
incident light is directed to the measured wafer from its back side (through an 
appropriate path in a supporting "cap"), 
s It should be understood that any other known suitable EPD could be used in 

the present invention. It may utilize various sensors, such as optical sensors, 
polisher motor current based sensors, chemical and/or temperature sensors, etc.. 

The ITM tool 24 can be any integrated thickness monitor, such as the 
metrology tool ITM NovaScan 210, commercially available from Nova Measuring 
,0 Instruments Ltd., Israel. In general, the ITM tool 24 comprises a measurement unit 
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38 coupled to the common control unit 23, which controls the operation of the unit 
38. It should be noted that a separate control unit may be used interconnected 
between the measurement unit 38 and the control unit 23. 

The measurement unit 38 comprises an optical assembly 42, associated with 

5 a translation system 44, such as the X-Y stage. The optical assembly 42 is 
accommodated in a sealed housing 46 formed with a transparent optical window 
48. The main two functions of the measurement unit 38 operated by the control unit 
23 are as follows: the positioning of the optical assembly with respect to the wafer, 
and the thickness measuring. The positioning is aimed at identifying, through the 

10 optical window 48, the exact location and orientation of a wafer Wj, and location 
of a measurement site on the wafer Wi to be measured. This step is usually carried 
out using the wafer's pattern through the channel of image accusation and 
processing (recognition). The wafers W\ and W 2 are identified as two sequentially 
processed wafers in the lot, each wafer being first processed by the polisher and 

15 then measured by the ITM. It should be understood that, in the present example, 
Wi is the wafer that has already been processed and is undergoing measurements, 
and wafer W 2 is that undergoing processing. 

Such a construction of the measurement unit, namely which provides the 
translation of the optical assembly with respect to the wafer, permits its integration 

20 within the wafer processing tool or cluster, such as polisher, CVD chamber, etc. and . 
provides thickness measurements immediately after completing the wafer 
processing. The window 48, together with the sealed housing 46, provides wafer 
thickness measurements in a medium similar (or the same) to the processing 
environment. For example, in the case of CMP, such a medium is water, and in the 

25 case of CVD or etching, it is a vacuum. Data generated by the ITM (measured 
parameters and acquired images) are processed by data and image-processing unit 
40, being part of the control unit 22. 

The system 10 operates in the following manner. Usually, when dealing with 
the "first coming 5 ' wafer in the lot, the processing time (i.e., polishing time in the 

30 present example) is calculated using information regarding the initial and target 
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(desired) thicknesses, polished layers) material(s) and polishing parameters, e.g., 
polishing rate. This first wafer processing time could be set according to that of a 
similar wafer. Alternatively, a pre-determined signal value of EPD corresponding to 
the desired thickness of the polishing layer could be set up using information on 
5 stack layers structure, etc. This information is entered and stored in the memory of 
the control unit 23, or in a central computer of the processing tool, i.e. a polisher, as 
the case may be. 

The first wafer of the lot (the lot usually containing 25 wafers) is transferred 
from the load cassette 16 to the polisher 12 by the robot 18, and the CMP process 

10 is initialed. During polishing, EPD 20 performs measurements of reflected signal 
spectrums and generates data indicative thereof, which are transferred to the control 
unit 23 for storing and further processing. 

As noted above, the polishing process could be terminated upon detecting 
the pre-determined signal generated by the EPD 20 at a specific frequency or 

11 frequency range. The specific shape of the end-point corresponding spectrum could 
also be used for decision criteria for terminating the processing. This data is stored 
in the control unit 23, prior to starting the polishing process. 

After completing the polishing process in accordance with the 
predetermined threshold criteria (e.g., polishing time, signal value within a 

20 predetermined frequency range, spectrum shape, etc.), the processed wafer is 
transferred to the ITM tool 22 (by robot 18), and positioned above the transparent 
window 48. The wafer W could be held above the window 48 by a vacuum holder 
(not shown), or by any other suitable mechanism. The optical assembly 42 performs 
thickness measurements on multiple desired sites of the wafer W (by moving the 

25 optical assembly with respect to the wafer). The thickness measurement procedure 
performed by ITM is known per se, and therefore need not be specifically 
described. 

After the measurement procedure is complete, the measured data is 
transmitted to the control unit 23. The latter processes the so-obtained data for 
30 correcting the end-point signal value or any other characteristic corresponding to 



the desired target parameter of the processing (thickness of the top layer in this 
specific example). For example, if the thickness value measured by ITM tool 22 is 
less than the target thickness, this means that the wafer is "over-polished", and the 
appropriate correction of the end-point signal value should be made, for example, 
by applying a known interpolation procedure to the time function of the end-point 
detector signal. When the measured thickness is higher than the target one, this 
means that the wafer W is ''under-polished", and consequently the polishing time 
of the next, coming wafer in the lot should be increased. In this case, the appropriate 
value of the end-point detection signal could be defined by the extrapolation 
procedure. 

Such interpolation and extrapolation correction procedures could, for 
example, be based on the information regarding the processing rate obtained from 
the EPD signal. For example, the value of the end-point signal corresponding to the 
desired target thickness may be obtained by calculating the end-point vs. time 
function in accordance with the following scheme: 

a) the difference, AT, between the target thickness and that measured by 
the ITM tool presenting the process error is calculated; 

b) the so-called "time adjusting factor", At, is calculated as the ratio of the 
thickness difference, AT, to the processing rate PR (i.e., the polishing 
rate in this specific case), based on which the polishing; time should be 
prolonged or shortened; 

c) adjusting the end-point "threshold" by deterrnining the end-point signal 
value corresponding to the prolonged/shortened polishing time. 

The same procedure is repeated for each next coming wafer, 
i The techniques disclosed in the above-indicated articles can also be applied" 

for adjusting the end-point "threshold" value. According to some of these 
techniques, different proportional gains could be applied so as to take into 
consideration different process parameters and/or properties of the wafer to be 
processed. More sophisticated statistical techniques, using the so-called, "integral 
3 pan", including the accumulated or averaged error for number of wafers, could be 



applied. An average processing (removal) rate for number of processing cycles also 
could be considered. 

Generally speaking, the EPD signal is calibrated or adjusted using the data 
obtained from the ITM tool having much more powerful metrology capabilities to 
detect accurately the end-point of the wafer processing. 

In accordance with another preferred embodiment, for timely terminating 
the processing of the first wafer in the lot, a calibration curve of the end-point 
signal versus thickness could be obtained. To this end, values of the top layer 
thicknesses are measured by the ITM tool 22 during the polishing process. This is. 
implemented by periodically terminating the process and supplying the wafer to the 
ITM tool 22 for measurement. Concurrently, the end-point signals generated by the 
EPD 20 are registered. By this, the calibration curve could be plotted with the 
desired resolution. Further processing of the next wafer is performed in accordance 
with the above-described scheme. 

In accordance with yet another preferred embodiment, pre-process thickness 
measurements are performed. This technique is preferred in such cases, where the 
end-point detectors of a kind providing cyclic signals are used.. Such a cyclic signal 
is usually generated by an EPD based on interference-measurements, and is 
disclosed for example in US Patent No. 5,964,643. In this case, the end-point signal 
cyclically varies with the thickness of the layer being polished, as it is reduced 
during the CMP process. The CMP process in this case is terminated when a 
predetermined number of peaks (signal maximums) is obtained. Information 
regarding the layer thickness obtained before the polishing starts, permits to define 
this predetermined number of peaks corresponding to the desired thickness. Further 
adjusting of the threshold within the selected peak is performed in accordance with 
the above-described scheme. 

It should be noted that several different or identical EPDs can be used in the 
same processing tool arrangement (polisher), and operated in combination with the 
single ITM tool, all coupled to the common control unit. 
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The process monitoring and control continue from wafer to wafer or from 
wafer to lot, or any other desired combination. In this manner, a closed loop control 
(CLC) over the entire CMP process can be established. 

The end-point detection system according to the invention (i.e., a 

5 combination of EPD and IM) can be used for etching or CVD processes as well. 
Fig. 5 illustrates a common stack layer structure 50 to which the etching process is 
typically applied. The structure 50 comprises a silicon substrate 52, an oxide layer 
(e.g., SiC>2) 54, and patterned photoresist layer 56. During the etching process (e.g., 
in the case of dual Damascene process) a region 58 is to be etched in the oxide 

10 layer. When etching is completed, the oxide layer 54 having the thickness d 
. remains in the region 58. The end-point detection can utilize any known EPD 
device, for example, that disclosed in US Patent No. 4,618,262. 

It should be emphasized that, in many cases, a combination of the EPD and 
the ITM in the same processing equipment provides the unique capability of 

15 calibrating the EPD by help of the ITM, practically in real time (with a delay of 
only one wafer between the ITM measurement and the next wafer undergoing 
processing), thereby providing ultimate process control. The high metrology 
performance of the ITM systems allows to calibrate the EPD according to different 
criteria, namely absolute remaining thickness of the removed layer, the thickness of 

20 the removed layer, removal rate, etc. High metrology performance of the ITM 
systems is based on the fact that data are received from different points on the 
wafer representing the so-called u Wlthin the Wafer's Uniformity", additionally to 
the so-called "Wafer-to- Wafer Uniformity". Thus, the advantages of both methods, 
i.e., real time response of the EPD and high metrology performance of the ITM, are 

25 combined in one powerful process control system. 

Those skilled in the an will readily appreciate that various modifications and 
changes can be applied to the preferred embodiment of the invention as 
hereinbefore exemplified without departing from its scope, defined in and by the 
appended claims. 



